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This application is a continuation of application

2 Serial No. 08/755,129, filed on November 25, 1996, now U.S.

3 Patent No. 5,963,668.

4

5 BACKGROUND OF THE INVENTION

6 Field of the Invention

7 The present invention relates to a method and

8 apparatus for hierarchically approximating shape data with an

9 image, in which the data amount is reduced by reducing the

10 complexity of the shape of a geometric model which is used in

11 generating CG (Computer Graphics) , thereby enabling the CG to be

12 drawn at a high rate of speed. The invention also relates to a

13 method and apparatus for hierarchically approximating shape data

14 with an image, which is suitable for use in a game using CG, VR

15 (Virtual Reality),, designing, and the like since a shape which

16 was approximated so as not to give a sense of incongruity is

17 changed.

18

19 Description of the Prior Art

20 When drawing using a model as part of computer

21 graphics, the same model may be used repeatedly. For example,

22 as shown in Fig. 14, a detailed original model having data of

23 100% is formed and the CG is drawn on a display by using it
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1 repeatedly. When the model is arranged in a far position in a

2 picture plane and is rendered smaller, the same model still is

3 used, and the degree of details of the model is not changed.

4 Therefore, the time required for the drawing depends on the

5 degree of detail of the model and the number of models.

6 However, when the observer pays no attention to the

7 model because the model is minimized and looks smaller on the

8 picture plane or the model is out of a target point of the

9 picture plane, it is not always necessary to draw by using the

10 model having a high degree of detail. That is, by using a

11 similar model in which a degree of detail is decreased to a

12 certain extent by using a method of reducing the number of

13 vertices of the model, reducing the number of planes of a

14 polygon, or the like, it can appear as if the same model is

15 used. Fig. 15 shows such an example. When the model is to

16 appear $t a distance and its size on the picture plane is small,

17 as shown in the example, it is sufficient to draw the CG by

18 using models in which data is reduced to, for example, 50% or

19 25% from that of the original model and for which the degree of

20 detail is reduced. By using a model having a data amount smaller

21 than that of the original model as mentioned above, a high

22 drawing speed can be realized.

2
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Such an approximation of the model is useful for the

2 drawing of the CG display as mentioned above. However, if the

3 data amount of the model is simply reduced by approximating the

4 details of the model, the observer feels incongruity when he

5 sees the approximated model. If this sense of incongruity can

6 be suppressed, requests for both of the drawing speed and the

7 drawing quality can be satisfied. For this purpose, it is

8 desirable to reduce the data amount in a manner such that a

9 general characteristic portion of the model is left and the

10 other portions are reduced. Hitherto, such an approximation of

11 the model is often executed by the manual work of a designer, so

12 that much expense and time are necessary for the above work.

13 A method of obtaining a more realistic image by

14 adhering a two-dimensional image to a plane of a model as a

15 drawing target is generally used. This is called a texture

16 mapping , The image that is adhered in this instance is called a

17 texture. When the approximation of the shape as mentioned above

18 is executed to the model which was subjected to the texture

19 mapping, it is necessary to also pay attention to the texture

20 adhered to the model plane. That is, it is necessary to prevent

21 a deterioration in the appearance of the model due to a

22 deformation of the texture shape at the time of approximation

23 and to prevent the occurrence of a problem such that the amount

3
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1 of work is increased since the texture must be again adhered to

2 the approximated model

.

4 Brian A. Barsky, and Wen-Hui Du, "An Adaptive Subdivision Method

5 for Surface-Fitting from Sampled Data", Computer Graphics, Vol.

6 20, No. 4, August, 1986, although the shape is approximated by

7 adhering the Bezier patch to a three-dimensional shape, there is

8 a problem in that a general polygon is not a target.

9 According to Greg Turk, "Re-Tiling Polygonal Surface",

10 Computer Graphics, Vol. 26, No. 2, July, 1992, a trial of

11 hierarchically approximating a polygon model is executed. There

12 is, however, a problem in that although the algorithm in the above

13 paper can be applied to a round shape, it is not suitable for a

14 square shape and a general shape is not a target. Further, it is

15 not considered to approximate the shape on the basis of

16 characteristic points of the object shape.

17 Further, according to Hugues Hoppe et al . , "Mesh

18 Optimization", Computer Graphics Proceedings, Annual Conference

19 Series, SIGGRAPH 1993, a model is approximated in a manner such

20 that energy is introduced to an evaluation of the approximated

21 model, and operations for removing the edge, dividing the patch,

22 and swapping the edge are repeated so as to minimize the energy.

23 According to the method of the paper, however, it is necessary to

In past studies, according to Francis J. M. Schmitt,

4
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1 execute a long repetitive calculation until the minimum point of

2 the energy is determined. In addition, a solving method such as

3 a simulated annealing or the like is necessary in a manner

4 similar to other energy minimizing problems so as not to reach a

5 local minimum point. There is no guarantee that the energy

6 minimum point is always visually the best point.

7 Further, in those papers, no consideration is made up

8 to the texture adhered to the model upon approximation.

9 Consequently, the method of approximating the model according to

10 the methods in the papers has a problem in that double processes

11 are required in which the texture is newly adhered to the

12 approximated model after the approximation.

13 As mentioned above, the past studies have problems

14 regarding the approximation of a model when a polygon is drawn.

15 That is, the conventional method has problems such that

16 application of the shape approximation is limited, a long

17 calculation time is necessary for approximation, and the

18 approximation in which required characteristic points are

19 considered is not executed. The approximation of figure data to

20 realize a switching of continuous layers, in which the sense of

21 .incongruity to be given to the observer at the time of the

22 switching of the approximated model is considered, is not

23 executed.
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When the approximation is executed to the geometric

2 model to which the texture is adhered, there is a problem in that

3 a measure to prevent a quality deterioration after the

4 approximation, by keeping the shape of the texture adhered to the

5 model, is not taken. There is also a problem in that a measure

6 to eliminate the necessity to newly adhere the texture after the

7 approximation is not taken. Further, there is a problem that the

8 approximation in which the existence of the texture itself is

9 considered is not executed.

10

11 OBJECTS AND SUMMARY OF THE INVENTION

12 It is, therefore, an object of the invention to

13 provide a method and apparatus for hierarchically approximating

14 figure data with an image in the drawing of CG so that high-

15 speed drawing is performed while maintaining a quality of the

16 drawing.

17 It is another object of the .invention to provide a

18 method and apparatus for hierarchically approximating figure

19 data with an image as if the approximation of a geometric model

20 is performed in consideration of the existence of a texture

21 itself.

22 According to the invention, in order to solve the

23 above problems, there is provided a hierarchical approximating

6



SON-1648/CON
Substitute Specification

1 method of shape data for approximating shape data to data of a

2 desired resolution, comprising the steps of: evaluating an

3 importance of each of the edges which construct the shape data;

4 removing an unnecessary edge on the basis of a result of the

5 edge evaluation; and determining a vertex position after the

6 unnecessary edge was removed.

7 According to the invention, in order to solve the

8 above problems, there is provided a hierarchical approximating

9 method of shape data with an image for approximating shape data

10 to which image data was adhered to data of a desired resolution,

11 comprising the steps of: determining which edge in the shape

12 data should be removed upon approximation; determining a new

13 vertex position in the shape data after the edge removal

14 performed on the basis of the edge removal determination; and

15 removing an unnecessary vertex in the image data adhered to the

16 shape data in accordance with outputs from the edge removal

17 determining step and the vertex movement determining step and

18 moving a vertex on the image data in accordance with the new

19 vertex position in the shape data.

20 'According to the inventrlun-

—

™— fn Qoljy:e^the--abaAD^
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1 « importance o£_aach of the edges which construct the shape datj^

2 edge removing means for removaj^g^arr^uim^essary edge on the

3 basis of a resul><yfthe edge evaluation; and vertex position

^4
d^^^r^^ixi^ means for determining a vertex position after the

5 tmnex^es'sary edge was removed-
:

6 According to the invention, in order to solve the above

7 problems, there is provided a hierarchical approximating

8 apparatus for figure data with image data for approximating

9 shape data to which image data is adhered to data of a desired

10 resolution, comprising: edge removal determining means for

11 determining which edge in the shape data is removed upon

12 approximation; vertex movement determining means for determining

13 a new vertex position in the shape data after the edge removal;

14 and image data removal and movement determining means for

15 removing an unnecessary vertex in the image data adhered to the

16 shape data in accordance with outputs from the edge removal

17 determining means and the vertex movement determining means and

18 for moving the vertex on the image data in accordance with the

19 new vertex position in the shape data.

20 According to the invention as mentioned above, the

21 importance of each of the edges of the shape data is evaluated,

22 the unnecessary edge is removed on the basis of the evaluation,

23 a new vertex after the edge removal is determined, and further,

8
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1 the vertex is moved on the image data in accordance with the new

2 vertex position. Thus, the shape data can be approximated so

3 that the change in shape is little while suppressing the

4 deterioration of the image data adhered to the shape model.

5 The above and other objects and features of the

6 present invention will become apparent from the following

7 detailed description and the appended claims with reference to

8 the accompanying drawings

.

9

10 BRIEF DESCRIPTION OF THE DRAWINGS

11 Fig. 1 is a flowchart of a hierarchical approximation

12 of a texture mapped polygon model according to the invention;

13 Fig. 2 is a diagram showing an example of a drawing

14 apparatus that can be adhered to the invention;

15 Figs. 3A and 3B are schematic diagrams for explaining

16 equation (1)

;

17 Figs. 4A and 4B are schematic diagrams showing an

18 example of a vertex position decision;

19 Figs. 5A and 5B are schematic diagrams showing an

20 example of a method of determining a position at which a vertex

21 to be left is put;

9
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1 Figs. 6A and 6B are diagrams schematically showing an

2 example in which a texture is allocated on a certain plane of a

3 polygon model;

4 Figs. 7A and 7B are diagrams schematically showing an

5 integration of vertices and texture coordinates in association

6 with an edge removal

;

7 Figs . 8A to 8C are diagrams for explaining that the

8 texture is changed by the integration of the vertices;

9 Figs. 9A to 9D are diagrams for explaining a case

10 where two different textures are adhered to one

11 polygon;

12 Fig. 10 is a schematic diagram for explaining an

13 equation (2) ;

14 Figs. 11A to 11C are schematic diagrams showing

15 examples of a method of forming an approximate model of a middle

16 layer;

17 Fig. 12 is a diagram schematically showing an example

18 of a processing result according to an . embodiment of the

19 invention;

20 Fig. 13 is a diagram schematically showing an example

21 of a processing result according to an embodiment of the

22 invention;

10
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Fig. 14 is a schematic diagram showing an example of a

CG drawing according to a conventional method; and

Fig. 15 is a schematic diagram showing an example of a

desirable CG drawing.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the invention will now be described

hereinbelow with reference to the drawings. Fig. 1 is a

flowchart for a hierarchical approximation of a geometric

(polygon) model that was subjected to a texture mapping

according to the invention. Fig. 2 shows an example of a

structure of a drawing apparatus that can execute the processes

of the flowchart

.

*Ae-shown in Fig-.—2-^JLhe drawing apparatus can be>

constructed by a computer with a standard structure which

comprises: a keyboard 1; a data input dejrifce such as floppy disk

drive (FDD) 2, magnetooptic disk IMO) drive 3, or the like; a

data processing apparatus cprfstructed by a CPU 4, an RAM 5, and

the like; an external^riemory apparatus such as hard disk 6,

semiconductor mpfrfory 7, or the like; and a display apparatus 8

such as a^CRT or the like, and in which those component elements

are^x^espectively connected by a bus 9 . As an input device, a

4fteu^e™-or—ttiH^lrjrk^mair also be used. The floppiT~ddbsJ^dxive 2 and

11
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1 -MO d^ive 3 arc also—used as data output devic os-,

—

Eurthe^^tg,

6 be schematically described. A texture as image data is allocated

7 and adhered to each plane of a polygon. In the invention, in

8 order to approximate the polygon, edges constructing the polygon

9 are removed and the shape is approximated. Since the shape of

10 the polygon is merely approximated by only removing the edges,

11 in order to approximate the textures allocated to the planes of

12 the polygon, an optimization is executed by integrating the

13 textures associated with the edge removal and moving the

14 coordinates * of the textures.

15 In the first step SI, original polygon data is

16 inputted. The texture is adhered to each plane for the inputted

17 polygon data. The input of the data and the adhesion of the

18 texture are manually performed from the keyboard 1 or by a

19 method whereby data which has been made in another place and

20 stored in a floppy disk or an MO disk is read out by the FDD 2

21 or MO drive 3. The polygon data can be also inputted through a

22 network such as the internet

.

5 First, processes in the flowchart shown in Fig. 1 will

12
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1 -Tn 8t,pp g?-r

—

oaGh edge of the inputt^ed^olycK^^

2 evaluated for performing the edge removal^^

3 evaluation in step S2, each edge of ttxe^inputted polygon data is

4 converted into a numerical vaj^ue by a method, which will be

rft\
described below, and i^set to an evaluation value. In step S3,

Y the evaluation rallies of the edges obtained in step S2 are

7 sorted and .the edge having the minimum evaluation value is

8 selected. The processing routine advances to step S4 . In step

9 S4/ the edge having the minimum evaluation value that was

10 selected In s-freis—S3^g s remoj^Bdrr^

11 When the edge is removed in step S4, the processing

12 routine advances to step S5 . In step S5, the position of the

13 vertex which remains after the edge was removed in step S4 is

14 determined. In step S6, the texture portion which becomes

15 unnecessary in association with the edge removal is removed and

16 the positions of the remaining texture coordinates are

17 determined.

18 Approximated polygon data that was approximated at a

19 precision of one stage and was subjected to the texture mapping

20 is obtained by the foregoing processes in steps S2 to S6. The

21 edge removal, the determination of a new vertex, and the process

22 of the texture in association with them are repeated by

23 repeatedly executing the processes in steps S2 to S6.

13

14-
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1 Consequently, the approximated polygon data, which was subjected

2 to the texture mapping can be obtained at a desired precision.

4 to the texture mapping at a desired precision in step S6 is

5 obtained (step S7) , the processing routine advances to step S8.

6 The obtained approximated polygon data that was texture mapped

7 is drawn on the display apparatus 8. The obtained approximated

8 polygon data which was texture mapped can be also stored into an

9 external memory apparatus such as a hard disk 6 or memory 7, a

10 floppy disk inserted in the FDD 2, or an MO inserted in the MO

11 drive 3. The derived data can be also supplied and stored to

12 another computer system through the network.

13 The processes in the above flowchart are executed

14 mainly by the CPU 4 in the hardware structure of Fig. 2.

15 Instructions or the like which are necessary during the

16 processes are sent from the input such as a keyboard 1 or the

17 like to the CPU 4.

18 Processes regarding a model approximation will now be

19 described. As mentioned above, the approximation of the polygon

20 model is executed by repeating the edge removal. In this

21 instance, small convex and concave components which do not

22 contribute to the general shape of the model are judged and

23 edges which should be preferentially removed are determined on

3 When the approximated polygon data that was subjected

14
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1 the basis of the judgement result. In order to select the edges

2 which are preferentially removed, the extent to which the edges

3 constructing the model contribute to the general shape, namely,

4 the importance of each edge is evaluated and the removal is

5 executed to remove the edge with the smallest evaluation value.

6 In step S2, the importance of each edge is evaluated.

7 In order to select the edge which is suitable to be

8 removed by obtaining the evaluation value, an evaluation

9 function to evaluate the extent to which each of the edges

10 constructing the polygon model contributes to the shape of the

11 polygon model is introduced. The following equation (1) shows an

12 example of the evaluation function. Figs. 3A and 3B are diagrams

13 for explaining the equation (1)

.

'O^
0

F(e) = ^\aVi+ bSi \
...(1)

' T4 where

V
i
=(Nr E)xAi

15

16 Fig. 3B shows an example in which a part of a spherical

17 polygon model shown in Fig. 3A in which each plane is bounded by

18 a triangle is enlarged. By the equation (1) , an edge e

19 constructed by two vertices vx and v2 is evaluated. With respect

20 to the vertices vx and v2 bounding the edge e (vi, v2 <) , when sets

15
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1 of planes including them as vertices assume S(vi) and S(v2 ), a

2 range of i is set to S (vx) u S(v2 ) . That is, 1 < i < 10 in the

3 example shown in Fig. 3B. In the diagram, E denotes a vector

4 having the direction and length of the edge e; Ni denotes a unit

5 normal vector of each plane; Ai denotes an area of the plane; and

6 |e| a length of the vector E.

7 The equation (1) is constructed by two terms. The first

8 term Vi shows a volume amount which is changed when the edge as

9 an evaluation target is removed. The volume amount here denotes

10 a virtual volume of a shape specified by the shape data of the

11 polygon. The second term Si shows a value obtained by multiplying

12 the planes existing on both sides of the target edge with the

13 length of the target edge. It denotes a change amount of the

14 volume of the plane including only the target edge. Coefficients

15 a and b are multiplied to the two terms. The user can select

16 which one of the first term Vi and the second term Si is

17 preferentially used by properly setting the values of the

18 coefficients.

19 The first term Vi largely depends on the peripheral

20 shape of the edge as an evaluation target. On the other hand,

21 the second term Si depends on the length of the target edge and

22 the area of planes existing on both sides of the target edge. In

23 the case of a polygon model having a flat shape like a sheet of

16
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1 paper, when the edge e (vi and v2 ) is removed, the change amount

2 by the term Si is larger than that by the term Vi. In the polygon

3 model constructed by planes in which all of them have similar

4 shapes and areas, for example, in the model shown in Fig. 3A,

5 the change amount by the term Vi is larger than that by the term

6 Si.

8 respect to each of the edges constructing the polygon model and

9 the evaluation value for each edge is obtained. In step S3, the

10 calculation values are sorted in accordance with the values and

11 the edge having the minimum evaluation value is selected,

12 thereby obtaining the edge whose contribution to the model shape

13 when the edge is removed is the smallest.

14 When the importance of the edge is evaluated in step

15 S2, the length of edge is considered. When the evaluation values

16 are the same, the shorter edge can be also set as a target to be

17 removed.

18 Although the local evaluation value in the polygon

19 model is obtained by the equation (1) , each edge can be also

20 evaluated by a value obtained by adding the evaluation values of

21 the peripheral edges to the evaluation value of a certain target

22 edge. In this case, the evaluation can be performed not only

23 with the peripheral shape of one edge but also with the shape or

17

The value of the equation (1) is calculated with
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1 a wide range. When the area which the user wants to evaluate is

2 wide as mentioned above, the calculation range of the equation

3 (1) can be widened in accordance with such a wide area.

4 In addition to the evaluation value simply derived by

5 the calculation of the equation (1) , the user can give the

6 evaluation value or can operate the evaluation value. Therefore,

7 when there is a portion which the user wants to leave intact

8 without approximation or a portion which he, contrarily, wants

9 to approximate, the intention of the designer or operator can be

10 reflected in the approximating process by designating such a

11 portion. In this case, the evaluation value is determined by

12 executing a weighted addition by giving a weight coefficient to

13 each of the value operated by the user and the calculated

14 evaluation value.

15 In this case, the approximation in which the intention

16 of the designer is reflected can be performed by giving a weight

17 coefficient, for example, by giving weight to the evaluation

18 value designated by the user. On the contrary, when a large

19 weight is given to the evaluation value obtained by the

20 calculation of the equation (1) , an accurate approximation can

21 be performed by a quantitative evaluation of the volume change

22 in shape. In this manner, the change in shape can be freely

23 controlled by the weighting process.

18
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1 When the evaluation values for the edges of the polygon

2 data are obtained in step S2 as mentioned above, the obtained

3 evaluation values are sorted and the edge having the minimum

4 evaluation value is selected in step S3. When sorting the edges,

5 for example, a quick sorting as a known technique can be used.

6 Other sorting methods can be also obviously used. Since the

7 sorting methods including the quick sorting are described in

8 detail in "Algorithm Dictionary" published by Kyoritsu

9 Publication Co., Ltd. or the like, the description is omitted

10 here. The selected edge having the minimum evaluation value is

11 removed in step S4

.

12 Although the case where the edge having the minimum

13 evaluation value is simply removed has been described here, the

14 removing order of the edges or the edge which is not removed can

15 be also arbitrarily designated. When the edge is not removed,

16 there is no change in shape of such a portion. For example, in

17 the case where it is desirable that the shape is not changed,

18 like a portion in which two models are in contact each other, it

19 is sufficient to set a portion where no edge is removed.

20 When the edge is removed in step S4 , the vertices (vi

21 and v2 in this case) constructing the edge are lost. In step S5,

22 therefore, a new vertex position in association with the edge

23 removal is determined. Figs. 4A and 4B show examples of the

19
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1 vertex position determination. After the edge was removed,

2 either one of the two vertices constructing the edge is left. In

3 this case, the edge e (vi and V2 ) in a layer N in Fig. 4A is

4 removed, thereby obtaining a layer (N + 1) shown in Fig. 4B. The

5 vertex vx remains and becomes a new vertex v' .

6 In this instance, the shape after the edge removal is

7 changed depends on the position of the vertex vx which remains.

8 Figs. 5A and 5B show examples of a method of determining the

9 position where the vertex to be left is located. Figs. 5A and

10 5B show cross sectional views of an edge shape in the polygon

11 data. That is, Fig. 5A shows a case where the edge e(vi, v2/ )

12 bounded by the vertices Vi and v2 is formed in a convex shape

13 including the outer edges of vx and v2 . Fig. 5B shows a case

14 where the edge e(vx , v2/ ) is between the upper and lower

15 directions of the outer edges of vx and v2 forming an S shape. In

16 Figs. 5A and 5B, v' indicates a vertex to be left.

17 In Figs. 5A and 5B, areas Si and S 2 shown by hatched

18 regions show volume change amounts when the edge e(vi, v2 ) is

19 removed and the vertex v' is left. The vertex v ! which is left

20 after the edge e(vi, v2 ) was removed is positioned where the

21 volume change amount Si on the vertex vx side and the volume

22 change amount S 2 on the vertex V2 side are equal. By arranging

23 the vertex to the position where the volume change amounts on

20
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1 both sides of the removed edge e(vi, v2 ) are equal as mentioned

2 above, the shape after the edge removal can be approximated to

3 the original shape

.

4 Although the vertex Vi which is left and becomes a new

5 vertex is arranged to the position where the volume change

6 amounts on both sides of the edge are equal irrespective of the

7 peripheral shape of the edge which is removed in step S5 in the

8 above description, the invention is not limited to the example.

9 For example, the vertex v 1 can be also arranged at a position

10 where the volume change upon edge removal is the minimum. As

11 mentioned above, the method of arranging the vertex v' to the

12 position where the volume change amounts on both sides of the

13 edge are equalized and the method of arranging the vertex v' to

14 the position where the volume change is the minimum can be

15 selectively used in accordance with a desire of the user.

16 In consideration of the peripheral shape of the edge,

17 when the shape has a concave or convex shape, the vertex v ! can

18 be also arranged at a position where the volume change after the

19 edge removal is the minimum. When the periphery has an

20 S-character shape, the vertex v 1 can be arranged at a position

21 where the volume change amounts on both sides of the edge are

22 equalized. In this case, the position of the vertex v 1 is

23 deviated to either one of the ends of the edge in the case of
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1 the concave or convex shape. In case of the S- character shape,

2 the vertex v 1 is arranged in the middle of the S character.

3 Thus, both of an effect to suppress the volume change and an

4 effect to absorb the continuous changes like an S character by

5 the plane can be achieved.

6 For example, an area having a small S-character shape

7 like a saw tooth can be approximated by one plane in a general

8 shape. A portion having a large change except the S-character

9 shape can be approximated by a shape which is closer to the

10 original shape. In the approximation in which the shape has a

11 priority, such a setting is also possible. The approximating

12 . methods can be selectively used in accordance with the intention

13 of the user.

14 It is also possible not to change the vertex position

15 remaining after the edge removal from the vertex position before

16 the edge removal. That is, in the example shown in Figs. 4A and

17 4B , after the edge e(vi, v2 ) was removed, only the vertex Vx is

18 left as a new vertex v 1 without changing the position from the

19 position before the removal. This is effective means when it is

20 desirable not to move the position of a target vertex because

21 the target vertex exists at a contact point with the other model

22 or the like.
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When the edge is evaluated and removed and the new

2 vertex in association with the edge removal is determined in the

3 steps up to step S5, a process regarding the texture adhered to

4 each plane of the polygon model is executed in step S6. Figs. 6A

5 and 6B schematically show examples in which image data (texture)

6 is allocated to a certain plane on the polygon model. Fig. 6A

7 shows a polygon model itself comprising vertices Vx to V8 . It

8 shows that when an edge e(V3 , V6 ) shown by a broken line is

9 removed from the model shown in the left diagram, the model is

10 approximated to a shape shown in the right diagram.

11 Fig. 6B shows a state in which a texture is adhered to

12 the polygon model shown in Fig. 6A. In this instance, for easy

13 understanding, image data based on a portrait is used as a

14 texture. Coordinates vti to vt 8 in Fig. 6B correspond to the

15 vertices vx to v8 in Fig. 6A, respectively. Fig. 6B, therefore,

16 shows that the coordinates vti to vt 8 in the diagram on the left

17 side are changed as shown in a diagram on the right side in

18 association with the removal of the edge e(V3 , V6 ) in Fig. 6A.

19 The vertex V6 is removed by the approximation of the

20 polygon model and the two vertices v3 and v6 in this model are

21 integrated to one vertex V3 . In association with it, by removing

22 the edge e(v3/ v6 ) comprising v3 and v6 , triangular areas on both

23 sides including the removed edge are lost. In this instance,
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1 unless the loss of those triangular areas is considered, the

2 image data comprising the texture coordinates Vt 3 , Vt 4/ and Vt 6

3 and the image data comprising Vt 3/ vt 5/ and Vt 6 are lost.

4 As shown by the texture in the diagram on the right

5 side in Fig. 6B, therefore, it is necessary to execute an

6 integration and a position movement to the texture in accordance

7 with the approximation of the edge removal. Thus, the

8 continuous image data on the approximated model surface can be

9 reproduced

.

10 In this example, the vertices v3 and v6 are integrated

11 on the polygon model and the vertex v3 remains. The remaining

12 vertex V3 is set to a vertex V3
1

. The position of the vertex V3
1

13 is arranged at a predetermined distribution ratio t on the

14 coordinates between the edge e(v3 , v6 ) comprising V3 and v6 before

15 approximation. In this case, the coordinates of the vertex v3
'

16 can be calculated by ( (1 - t) x V3 + t x V6 ) . When 0 < t < 1, the

17 distribution coefficient t exists on the edge straight line of

18 the edge e(v3/ v6 ) before approximation and, when t < 0 or 1 < t,

19 t exists out of the edge e (v3 , v6 ) . By changing a value of t,

20 therefore, a shape change amount after the model was

21 approximated by the edge removal can be controlled.

22 As mentioned above, the vertices v3 and v6 are

23 integrated on the polygon model and are set to the vertices v3
'

24
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1 and V3
1 is arranged between the vertex v3 and the vertex v6 . The

2 texture coordinates vt 3 and vt 6 corresponding to those two

3 vertices are, therefore, also integrated, to the coordinates Vt 3

4 after approximation and are set to coordinates vt 3
1

. The

5 coordinates vt 3
1 are arranged between the coordinates Vt 3 and vt 6

6 before approximation.

7 Figs. 7A and 7B schematically show the integration of

8 vertices and the integration of texture coordinates in

9 association with the edge removal. Fig. 7A shows an example in

10 which the integrated vertex V3
' is arranged to the position

11 calculated by ( (1 - t) x v3 + t x v6 ) in association with the

12 removal of the edge e(v3/ v6 ) . A distribution of the remaining

13 texture coordinates can be obtained in a manner similar to the

14 arrangement of the vertex v3 based on the distribution t. That

15 is, as shown in Fig. 7B, as for the distribution of the

16 remaining texture coordinates Vt 3
1

, by calculating ( (1 - t) x Vt 3

17 + t x Vt 6 ) in a manner similar to the distribution t between the

18 above vertices v3 and v6 , an image can be distributed in a form

19 according to a change in model shape to which the image is

20 adhered. Thus, as shown in the diagram on the right side of Fig.

21 6B, the textures can be continuously adhered to the polygon

22 model

.
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In this instance, when the position of the coordinates

2 Vt3 Of the texture data corresponding to the vertex V3 on the

3 polygon model is not changed in . accordance with the change in

4 model shape as mentioned above, for example, in the texture

5 shown in Fig. 6B, an image existing at the position of the face

6 corresponding to the triangular plane including the removed edge

7 e(V3 , V6 ) cannot be adhered to the model.

8 With respect to an original polygon model shown in

9 Fig. 8A, for example, when the coordinates vt 6 on the texture

10 allocated to the vertex v6 are made correspond to the remaining

11 vertex V3 side from the integration relations of vertices after

12 the removal of the edge e without considering the image data

13 allocated to the triangular plane which disappears at the time

14 of the removal of the edge e(V3/ V6 ) , the portion of the face

15 disappears as shown in Fig. 8B. Further, when the coordinates

16 of Vt 3 before the edge removal are succeeded as they are after

17 the edge removal without considering the integration relation of

18 the vertices at the time of the removal of the edge e, as shown

19 in Fig. 8C, since the coordinates of the vertex v3 change after

20 the removal of the edge e and an area of each plane changes, the

21 resultant image to which the texture was adhered is distorted.

22 That is, the texture data also needs to be changed in accordance

26
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1 with the change in plane and change in model vertex position due

2 to the edge removal

.

3 When the texture is adhered to the polygon model,

4 there is a case where not only one texture but also a plurality

5 of different textures are allocated to the model. In this case,

6 a boundary in which the texture is switched from a certain

7 texture to another texture exists.

8 In case of adhering the texture to the polygon model,

9 as mentioned above, the texture is allocated to each vertex of

10 the model. Even in the boundary of the texture, therefore, the

11 boundary is allocated to each vertex constructing the edge of

12 the model. Further, as mentioned above, the approximation of

13 the model is performed by repeating the edge removal only a

14 desired number of times. In this instance, if the texture area

15 allocated to the edge as a target of the removal is in the

16 texture, as shown in Figs. 6 and 7 mentioned above, the model

17 can be approximated while holding a continuity of the image.

18 However, when the area of the image allocated to the

19 edge as a removal target exists just on the boundary of the

20 image, the polygon model is approximated by the edge removal and

21 since the vertex position is moved, a plurality of textures are

22 mixed and the appearance of the texture is broken. To prevent

23 this, it is necessary to make a discrimination so as not to
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1 break the image boundary at the time of the edge removal and to

2 decide sizes of a change of the outline portion by the edge

3 removal.

4 As shown in Fig. 9A, two different textures comprising

5 an image of a hatched portion and an image of a face are both

6 adhered to one polygon model. Fig. 9B shows a certain continuous

7 edge train in the model shown in Fig. 9A. In the model shown in

8 Figs. 9A and 9B, for example, when the edge e(v4/ v5 ) comprising

9 the vertices v4 and v5 is removed and the vertex v4 is left after

10 the removal, when executing a process to arrange a vertex v4

11 based on the vertex v4 to the middle position of the edge e(v4/

12 v5 ) as a removal target, an outline portion of the edge changes

13 as shown in Fig. 9C.

14 In this case, since the outline portion of the face

15 image has also been adhered to each of the vertices v3 to v6 , as

16 shown in Fig. 9D, the shapes of the two adhered images are

17 broken. In this example, the shape of the lower portion of the

18 face picture is largely changed and the image of the hatched

19 region increases. As mentioned above, in the edges of the model

20 to which the outline portion of the image is allocated, if the

21 edge removal is simply repeated as mentioned above, the quality

22 after the approximation is deteriorated.
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1 To prevent this, a removal evaluating function of the

2 edge as a boundary portion of the texture is introduced and when

3 the shape of the texture boundary is largely changed by. the edge

4 removal, it is necessary to use any one of the following

5 methods. Namely, as a first method, the relevant edge is not

6 removed. As a second method, although the edge is removed, a

7 movement amount of the vertex position after the removal is

8 adjusted. The following equation (2) is used as a removal

9 evaluating function of each edge in this instance. Fig. 10

10 shows a diagram for explaining the equation (2) .

F(e) = '£\LNr E)xL,\ ...(2)

In the equation (2) , E denotes the vector having the

14 direction and length of the edge e, Ni indicates the normal

15 vector of the edge, and Li the length of edge. A range of i

16 corresponds to the whole edge of the boundary lines existing

17 before and after the edge as a removal target. The equation (2)

18 denotes an area change amount when the edge of the boundary

19 portion is removed. Therefore, when the calculation value of

20 the equation (2) is large, a change of the outline portion by

21 the edge removal is large.

11

12

13
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Namely, when the calculation value of the equation (2)

2 is large, the area change in the outline portion of the texture

.3 increases, so that there is a fear of occurrence of the breakage

4 of the texture shape. To prevent this, there is a method

5 whereby the relevant edge is not removed like the foregoing

6 first method. However, like the foregoing second method, there

7 is also a method whereby the texture coordinates after the edge

8 removal are moved within a range where the value of the equation

9 (2) is smaller than the designated value, thereby consequently

10 decreasing the change amount of the outline portion. By using

11 the second method, the breakage of the texture after the

12 approximation can be suppressed.

13 As mentioned above, the approximated polygon model to

14 which the texture having a desired precision is adhered can be

15 obtained. In this case, when the texture is adhered to the

16 original model, there is no need to again adhere the texture to

17 the model after completion of the approximation and the

18 approximated model with the texture can be automatically

19 obtained

.

20 As mentioned above, the approximated model obtained by

21 repeating the processes in steps S2 to S6 is stored in the

22 external storing apparatus such as hard disk 6 or memory 7.

23 However, when displaying in step S8, the approximated model
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1 stored in the external storing apparatus is read out, drawn, and

2 displayed to the display apparatus 8 . As already described in

3 the foregoing prior art, in this display, for example, when the

4 model is displayed as a small image on the picture plane because

5 it appears at a remote location or when the observer fails to

6 notice the model because it is out of the target point on the

7 picture plane, the model is switched to the model of a layer

8 that was approximated and the image is displayed.

9 Upon switching to the approximated model, if the model

10 is suddenly switched to the model in which a degree of

11 approximation largely differs, a sudden change occurs in the

12 shape of the displayed model at a moment of the switching and a

13 feeling of disorder is given to the observer.

14 To prevent that feeling of disorder, it is sufficient

15 that a number of models whose approximation degrees are slightly

16 changed are prepared and stored into the external storing

17 apparatus and the display is performed while sequentially

18 switching those models. In this case, however, since an amount

19 of models to be stored increases, it is not efficient.

20 Therefore, to realize a smooth continuous conversion even with a

21 small number of models, it is sufficient to interpolate the

22 model among the discrete layers and to obtain the model of the

23 middle layer.

31
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For example, in the example shown in Figs. 4A and 4B

2 mentioned above, the vertex after the edge e(vi, v2 ) was removed

3 is set to v 1

. However, as for the vertex v' , it is considered

4 that the vertices vx and v2 in the edge e(vi, v2 ) approach each

5 other and become the vertex v' . Namely, the vertices vx and v2

6 are consequently integrated to the vertex v' . As mentioned

7 above, since the correspondence relation of the vertices before

8 and after the edge removal is known, the data between the data

9 before and after the edge removal can be obtained by an

10 interpolation from the data before and after the edge removal by

11 using the correspondence relation of the vertices.

12 Such a forming method of the approximated model in the

13 middle layer between the discrete layers has already been

14 described in detail in Japanese Patent Application No. 6-248602

15 regarding the proposition of the present inventors.

16 Figs. 11A to 11C show the formation of the

17 approximated model of the middle layer using the correspondence

18 relation of the vertices between two layers as mentioned above.

19 In Figs. 11A to 11C, a layer before the edge removal is set to a

20 layer N as shown in Fig. 11A and a layer after the edge removal

21 is set to a layer N+l as shown in Fig. 11C, thereby obtaining a

22 model of a middle layer N' shown in Fig. 6B from those two

23 layers

.
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In the example, the vertices vi# and v2 bounding the

2 edge e(vlf v2 ) of the layer N are integrated to Vi in the layer

3 N+l and the deleted vertex v2 is integrated to vlt From the

4 correspondence relation of the vertices, in the middle layer N'

,

5 the positions of vertices Vi ' and V2
' bounding an edge e' (vi f

,

6 V2
1

) corresponding to the edge e(vi, v2 ) of the layer N can be

7 obtained by the linear interpolation between the layers N and

8 N+l. Although the example in which one middle layer is obtained

9 is shown here, a degree of linear interpolation is changed in

10 accordance with a desired number of middle layers and a

11 plurality of middle layers can be obtained. The formation of

12 the approximated model of the middle layer can be performed in a

13 real-time manner in accordance with a situation in which the

14 model is displayed.

15 Although the case where the approximated model of the

16 middle layer is formed and displayed in a real-time manner while

17 displaying the model has been described here, the invention is

18 not limited to such an example. For instance, it is also

19 possible to practice the invention in a manner such that the

20 approximated model of the middle layer is previously formed and

21 stored in the external storing apparatus and the stored

22 approximated model of the middle layer is read out at the time

23 of the display.
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Although the case where one edge is removed has been

2 mentioned as an example here, since the edge removal is repeated

3 a plurality of number of times in the approximation of the

4 actual model, one vertex of a certain layer corresponds to a

5 plurality of vertices of another layer which is closer to the

6 original model. By using the correspondence relation of the

7 vertices in those two layers as mentioned above, the vertices of

8 the model can be made to correspond among all of the layers. The

9 model of the middle layer is obtained on the basis of the

10 correspondence relation of the vertices derived as mentioned

11 above.

12 As mentioned above, since the coordinates of the image

13 data in the texture are allocated to each vertex of each model,

14 in a manner similar to the case of the vertices of such a model,

15 the model to which the texture was adhered in the middle layer

16 can be obtained by the interpolation of the texture coordinates

17 vti and vt 2 allocated to the vertices vx and v2/ respectively. By

18 such a process, the models in a range from the original model to

19 the most approximated model can be smoothly continuously

20 obtained.

21 By the above processes, the discrete hierarchical

22 approximated model can be obtained and the model of the middle

23 layer can be also obtained. The approximated model obtained and
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1 stored as mentioned above is switched in accordance with the

2 size, position, speed, and attention point of the viewer of the

3 apparent model on the picture plane in the display apparatus 8

4 and is displayed in step S8 . Figs. 7A and 7B show examples of

5 the approximated model derived by the embodiment

.

6 Fig. 12 schematically shows an example of the

7 processing results according to the embodiment. In this

8 example, the original model is a sphere comprising 182 vertices,

9 360 planes, and 279 texture coordinates. An image of the earth

10 is adhered as a texture to the sphere. It is approximated for

11 the original model by reducing every 60% in comparison of the

12 number of vertices. Fig. 13 shows a wire frame state of a model

13 when the texture of the same approximated model is not adhered.

14 In Fig. 12, since the image is consistently held, it is

15 difficult to know a degree of approximation, in the approximated

16 state before the texture image is adhered as shown in Fig. 13,

17 the progress of the approximation can be clearly seen.

18 As specifically shown in Fig. 13, by using the present

19 invention, even if the number of vertices is reduced to 3 6% or

20 21.6% of the original model, the hierarchical approximated model

21 can be obtained without losing the general shape which the

22 original model has.
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1 Although the case where the texture image is

2 adhered to the polygon model has been described above, the

3 invention can be also obviously applied to the case where the

4 texture image is not adhered. In this case, step S6 can be

5 omitted in the flowchart shown in Fig. 1 mentioned above.

6 As described above, according to the invention, when

7 image data (texture) is adhered to geometric data such as

8 polygon data which is used in the CG, the model can be

9 approximated to a desired degree of details while preventing the

10 breakage of the texture shape or an apparent deterioration of

11 the quality.

12 According to the invention, therefore, there is an

13 effect such that the geometric model which is used in the CG can

14 be approximated in a state in which the texture is adhered.

15 There is also an effect such that not only is the model

16 approximated but also the breakage of the appearance of the

17 texture in the approximation result can be suppressed.

18 By using the geometric model approximated by the

19 method based on the invention, in the drawing of the CG, there

20 is an effect such that a request for drawing of at a high speed

21 and at a high picture quality can both be satisfied.

22 Further, according to the invention, an importance

23 degree of each edge constructing the geometric model which is
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1 used for the CG can be evaluated by an evaluation value. There

2 is an effect such that the geometric model can be approximated

3 by preferentially removing the edge of a low evaluation value of

4 the edge.

5 According to the invention, the position of the vertex

6 remaining after the edge was removed can be determined so as to

7 suppress a change in general shape. Thus, there is an effect

8 such that a feeling of disorder upon looking when drawing by

9 using the approximated model can be suppressed.

10 According to the invention, figure data which is used

11 in the CG can be approximated by a plurality of resolutions.

12 There is an effect such that by using the figure data derived by

13 the invention, both of the goals of drawing at a high speed and

14 drawing with a high quality can be satisfied.

15 The present invention is not limited to the foregoing

16 embodiments but many modifications and variations are possible

17 within the spirit and scope of the appended claims of the

18 invention.


